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Various model tests connection 
the 
San Onofre 
California Edison 
of the offshore 
Station 
San 
near San Clemente California. These include 
for 
the for the Units 2 and 3 
outlet from the 
the of heated water from the Units 2 and 3 
heat treatment~ and characteristics of 
of: 
On the basis of these inves • the diffusion structure for 
each of the two new units was to be 2500 feet 
to shore. The diffuser for Unit 3 will extend 
from 3500 to 6000 feet from shore, and that for Unit 2 from 6000 to 
8500 feet from shore. Each diffuser will have nozzles 
aimed offshore 
momentum of the 
warm-water lume. 
" from the axis~ above The 
an offshore drift of the diluted 
The maximum rise on the surface caused the dis-
was found to decrease with 
and the momentum from the jets was effective in 
s re-entrainment in the event of or low currents. 
the California thermal a 
surface 
maximum was established at 
2, F to account for differences 
modeled effects. 
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tate the use of diffusers. 
A number of different 
the course of the 
intake 
diffusers, In addition, 
model for the reverse-flow 
for Units 2 and 3. The normal 
tested and with field measurements of 
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were 
for the new Units 2 and 
a 
treatment the 
have been documented in a series seven progress 
From the results of the 
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Units 2 3, 
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The diffusers are 
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nozzles are 
The ~~~~~u was then modified 
of Southern California 
other factors such as structural 
I ems , and minor in the final detailed 
site. The two main in the diffuser 
construction 
obtained at 
were a re-
in the number of from to and revised 
the diffusers a few feet . these 
a set of tests were conducted in order to a 
model evaluation of the as the 
California Edison 
This 
tests. For 
describes the results of this series of 
tests 
in summary form 
• salient features of all the 
I 7 are 
in the 
EVALUATION PHILOSOPHY 
2. 
The California thermal S~aJ.lucii for coastal waters relate three 
zones 
1. the shoreline. 
the substrate, 
the ocean surface 1000 feet from any of 
the diffusion structure. 
For the first two, any rise of water more than 4 above 
natural is 
be 
For the third zone the contour for ~T 
contained within the lOOO-foot limit more than 
4°F must 
of 
This means that 
2 the year. 
for must be 
with the California thermal standards, the 
The most efficient way to achieve ~T < 
the outfall is initial of the condenser dis-
means of an outfall diffuser be 
surface is so slow as for 
the very !!!~.U~!l!U~!I 
of 
seawater. 
However the 
factor 
bient currents 
thousand feet 
For 
of 
3 
of water available under 
structures three 
unit 
the shoreline, aim the 
jets in the offshore direction to 
is 
a offshore drift super-
current. ~fuen the tide reverses, this 
re-entrainment of dis-
water into the Furthermore, this minimizes any 
contact of warm water with the shoreline. The diffusion structure itself 
would be some distance offshore, on the a shoreline of 
any is the because of the 
of water needed for dilution. 
For of the substrate it is desirable to achieve a two-
flm .. after initial The diluted warm water then 
drift away from the site as a surface 
than half the and allow cool new 
underneath the warm In this way 
bottom is avoided. 
The current terns are the 
it is 
but also critical sequences. 
2 
thickness may be more 
water 
contact of 
ocean variables the 
a assurance were to ex-
very adverse SeE and 
the Therefore, it is accuracy of 
the model make suitable 
differences, 
For models a , "F rather than 
been established, in order to allow a of L5"F for 
differences, The detailed breakdown, based on the writers j 
is as follows: 
as 
) , 
a, Possible direct error in 
behavior due to fluid effects which are 
to model on 
the ocean bottom, interfacial friction 
bet~'17een warm and cool , 
number effect on initial jets, distortion 
scales ocean 
+ 
is made for 
effects 
for model-
has 
2.5"F 
o. 
0.6 
more times . 
Estimated ,5 F 
Further studies in a 
in the 
be eliminated; 
the 
tive 
There have been no 
diffusers of the 
the diffuser for 
of order 
cussed item above. 
The Cal tech 
It 
assess 
Subtotal 3.7" 
TOTAL 4. 
model about some reductions 
items 2 and 3 above but cannot 
that further s necessitate 
the above values are considered conserva-
as for 
await with interest results for 
aimed 
diffusers. 
is 
that 2. 
-8-
dis cannot modeled in the 
to test the Units 2 and 3 diffusers The 
effect is to be an increase of ambient 
area of Units 2 and 3, which will cut into the 
above natural 
, a ective assessment of how well the basin model 
the worst condition in the 
should be used as the 
leads to the conclusion 
value, This number 
is normalized the initial ~T = F, 12,5% as the 
value of 
most 
a a 
it is convenient three diffuser 
field near field; intermediate field; and 
In the near field, the dominant feature is the jet and 
entrainment of ambient fluid the initial dilution, The extent 
of is a few of the The individual jets 
are characterized 3.1 and 3. 
diameter 
:= horizontal 
= surface 
less 
= 
F 3.1 Exit port orientation and nomenclature. 
c 
nozzles. 
This 
• <p, 8 
as desired 
to ensure the 
the flow in this zone it is essential to have undistorted 
to follow the Froude Law = In the notation of 
r p and refer to ratio and model 
ratio 
Law is 
== 
= = 
to all 
3 3 
, and are 
3 4 
-12-
= 3. 
= 3.8 
et numbers will be: 
= 3.9 
= 2",2 x 
v ,;;. 1.0 x 
water 
'13 '* 
d • 1. 7 ft '* 
To obtain turbulent jets, the smallest tolerable U~'~~.~ 
number 
Therefore 
is about to our observations in the basin, 
< -------'~- '" 2 200 3.10 
g' 
< 2200 • 3.11 
were F 
and '" 1.28. Also 
3 12 
because vary from one end of 
if 
herein 
3 2 
-13-
scale 
2 
than the jet 
turbulent flow. For the 
= 200 has been used. 
becomes 
:::: 226 
number will be 
tests 
the initial zone, the flow becomes hori-
zontal in two an upper warm water 
the ambient seawater, Currents are induced in the ambient 
seawater the entrainment of the jets. The overall of these 
induced currents, toward and away from the , have been studied 
in the model basin. The distances of concern are of the order of 
several times the total diffuser L, as in 3.3 
at this scale is 
in the diffuser Resistance to 
the momentum 
at this 
bottom friction and interfacial friction warm 
correct effects the Froude Law 

1 16 
numbers ensures stratified 
ion and of interfacial waves are 
frictional effects should also be modeled, The bottom 
on the friction factor f which is 
f "" f k 3,17 
the total local , k is the bottom , and is 
as: 
are 
water 
3.20 
of ::::: := 68, == 
'" . r 
, 
::::: The 
at is 1 
model number for the ambient current is 
= -=.:::.= 3.21 
This is still the laminar range; the model friction factor is estimated 
be .061. 
what uncertain at 
factor would still be O. 
finer, because of the low 
that of friction factors are some-
numbers near critical.) The model friction 
even if the sand in the bed of the basin were 
number. 
The ratio of friction factors is 
== 
:= 
.061 '" 0.25 . 
excessive 
the horizontal dimensions 
= @25, 
== factor • F • 
3.22 
which would arise in 
should be foreshortened 
3.23 
must 
The near-field 
correct ratio of 
modeled 
horizontal 
== 
= 
U.LID""";::' ions. 
of this size. 
numbers 
dis-
believe 
of the diffuser 
, not the vertical For n 
3.24 
necessitates 
otherwise the initial 
to preserve the 
would be 
scaled as 
F, 
is reduced 
is 
factor 4 also 
diffuser is ~:!::;!:=L .::!.:!:!!::::!::!!=. 
3.25 
-18-
one the the 
zone extends for 2 ft 
to be 
zone is 
=~;;;. in a distorted model but this is not believed to 
a serious To be conservative, the 1000 ft limit of the re-
is scaled to 
however, the initial 
, or 
is 
too close to the 
within this distance 
anyway. 
time-scale ratio in a distorted model to the correct 
horizontal in flow must be 
For 
3.26 
v == 0.68. == 200. then 68.6. or one 
becomes 21 minutes in the model. 
is the zone of drift flow far away from the diffuser, 
the model. Most of the heat loss is 
far field. For a uni-directiona1 flow the rate of 
is 
::: 
::::: time travel 
.27 
'" excess 
is initial 
or 
The order of 
follows: 
:::: 200 
g r :::: 0.68 
3. 
::::: D,F. :::: .::.-....;;;.~ 
of the distortion factor would be found as 
3 • 
• F. :::: = 8 8 
the loses heat so fast that a distortion of almost 
counteract another way, if the model is 
4 heat loss in model will be 
the model 
is time of the order of 
is 
for the 
to the dis 
CHAPTER 4 
EXPERIMENTAL 
36 ft basin was constructed to house the 
of the thermal 
water from coastal nuclear power 
model 
due 
The basin walls consisted of concrete blocks which were mortared onto 
the concrete floor. A tic sheet to fi t was placed 
in the basin to any tons of sand 
diameter . 0.8 wer'e tic sheet and == on 
to simulate the nearshore shelf A recirculation system 
was also installed on the model basin so that a ocean current 
unidirectional and could be simulated. The recircula-
tion system consisted of two pumps which could be used either or 
allow the simulation of a wide range of current 
The intake and of the recirculation system consisted of five 
manifolds at each end of the basin, with each manifold with a 
valve for control of the flow distribution in 
front of the manifolds a cradle 
ensure even flow distribution. 
rubberized hair was used to 
.1 shows a schematic of the 
s 
of various 
water 
diffusers were constructed 
are shown in 
the diffusion 
with stain-

4.2, Overall view of test basin. 
-23-
4.4 and valves for flow direction 
and rate, and venturi meter are out of 
in the pump well. 
Schematic water 
each diffuser 
and the 
was 
of the dis-
diffusers 
sizes 




water to the diffusers were also 
to the center 
ndnindze transients, 
from the shoreward end via the outfall 
4 8 and cannot be scaled 
distorted model and thus the flow details near the intakes were 
studied in undistorted models of = 100 to determine the 
entrainment of the Unit 1 into the intakes for Units 2 and 3 
and to measure the thermal field reverse flow for heat treatment. 
The intakes in the distorted model serve the purpose of 
sinks of 
4.3 
measurement in the basin was carried out with 
calibrated thermistors* A total of 112 thermistors could be located 
corded 
made 
be used to 
model in such a way that the 
maps of the isotherms in the 
across the thermistors in 
were measured and recorded with a 7-channel 
re-
of 
converter and recorder; connections were 
16 groups of seven via a 
the model, With this 
tors times 
were recorded 
to 
The accuracy of the 
variations of less 
was 
sec-
which 
con-
allows 
12. data and 
-31-
4 14. of thermistor used to monitor temperature 
inside diffuser 
-32-
F camera with a 17mm lens was used to obtain 
overhead of the of the in the basin the 
The extreme wide lens was necessary in order to cover 
basin area from the available The camera was 
with a motor drive so that it could be from the 
floor level. The basin was illuminated 6 electronic flash 
units mounted on the wall and columns of the One of the 
flashes was the camera and the rest means of slave units. 
5 
THE EXPERIMENTS 
The measure thermal fields can be 
divided into three in the order: 
2 
to determine the 
behavior of heat as a function of the 
diffuser variables 
and the ocean current. 
to delineate the chosen 
among a set of alternatives established 
from 
tests based on detailed 
actual diffuser 
tests in 
1, 2, and 4 
1 and 2 have been 
The overall ect includes 
and 
in 
above tests on a sectional model 
in addition to the 
undistorted 
tests 
Units and 
near field jet behavior No. 
and reverse flow for heat treatment in 
at an undistorted scale of 100:1 No 6 
tests of individual nozzles 
results from tests 
will not be included in this 
salient features of those tests are 
for 
sequences were in the 
) 
to a 
currents of various 
12 hours for one 
sequences chosen from 
collected at the San Onofre site, 
The test with the 
data 
of the bottom 
The 
bottom 
tons of white sand in the basin was molded to the proper 
on recent survey results furnished 
the sand surface with a attached to an aluminum 
beam which in turn was attached to the instrument Several 
passes were necessary to obtain a smooth uniform surface. The bottom at 
San Onofre was five discrete as shown in 
6.2. After the bottom was established the model diffusers and 
intakes were buried to their 
array, when used, was then 
measurement of the thermal field. 
The thermistor 
over the diffuser to allow 
Prior to of each run the desired ocean current was 
established in the basin and allowed to stabilize. At the same time 
the hot water was filled with water at the desired 
the ambient was measured 
means of both the thermistor array and a mercury thermom-
eter. The commenced at t = 0 when the hot water 
started. Basin water was intakes at same 
at intervals of several minutes several hours 
the duration of the 
a ocean current, the valves 
the de-
the model basin 
nonetheless 
maps obtained 
correct 
In 
progress 
the , both those 
summarized in the 
before the run was unifonn in 
there may be some thermal stratification 
This effect was not It can be 
stable 
the 
in 
thennal 
values of and 
the 
herein and in the 
water in the test basin 
In the field, 
the summer. 
however, that any 
the would 
decrease the excess on the surface. Thus the 
results would be conservative, 
The results of the various tests will be in ter 6 , 
final test 
can be classified into two 
Tests at a current where vertical 
thermal 
rake and 
were taken us the thermistor 
Tests at various 
revers , and 
were taken us 
coverage was made. 
current sequences 
where surface 
the thermistor array. 
The schematic and of the basin are shown 
6.1 and 6.2 In these the Units 
intake and structures are 
those for Ie and 
the tests, former due to the fact that to 
outlet in a distorted 
because in the 
of the structures. 
ratios chosen for this series 7.5 
horizontal vertical 3,94. 
2 and 3 
Unit 1 
in 
realisti-
latter 
This 
.2. 
Obtained See 
No 
Vertical IlT ,3 6 8 
Vertical IlT 6. , 6, 
C-5 1 Vertical /:,T 6 5 6 10 
C-4 o 25 Vertical IlT .6 6 11 , 50 
C-3 0.5 Vertical /:,T iles 6,7, 6.12 51 
C-ll 0.0 Surface /:,T 6.13 6 14 60, 61 
C-lO 0.05 Surface fiT 6.15 62 
C-9 Surface !::.T 6. 63 
25 Surface IlT 6. 7 
,5 Surface /:,T 
05R Surface 6. 67 
l5R Surface 69-71 
72-75 
82-83 
5 
Jet 
Jet 
t 
u 
r' 
difference 
number of nozzles 
~ time 
the Nozzle 
Nozzle 
-38-
6.2 
Model 
.4 in. 
2.4 in 
.12 
1215 
±25 
in. 
in. 
200 
II. 
3. 
67.5 
1.84 x 
2520 ft 
40 ft 
13. 
2.22 
t 
'* t 
'* t 
N SIN 
2 
used tests. 
are center to center of first and 
15) and pro 2520 ft 
Basin wall at shoreline. 

the currents 
6 
and 
selected stations for various runs. 
that offshore momentum in 
circulation for the cases 
, the ambient current 
role in the ion. From the vertical 
is seen that there is no line between the surface warm 
extend 
.2 
it must 
cool the decreases with 
however, that the thermistor rake does not 
. ) 
the results of the tests with the thermistor array 
due to the small in the the effect 
conservative due this effect 
data 
In order 
made 
current 
effect 
o 

o 


N 
iles at selected stations 
10 and 20 minutes into the 
a selected tations 
into the 
u c 
selected 
minutes into the 
y 
UN C-
temperature at selected stations current of 
taken between into the 
for tation locations) 
at selected stations for a s 
taken between 10 and 20 minutes into the 
locations). 
t = 
is 
p is 
is 
is the time 
, and 
water 
values K ::: 100 , h == 30 ft, 
.6 F 
In other words, in the heat loss would render the excess 
less than otherwise. 
In the model basin the measured heat loss was K == 75 
value of is thus: 
Hence, the heat loss effect would rise to 6.4% less ~T than other-
wise. in terms of 
are 3% .. .4% -. 8 or 
excess of the dis-
and 0.8% 
as per-
be corrected 
view of 
the end 
isotherms 
in 
minima at 
locations 
from data 
the 
cases 
diffusers 
several 
for ease of reference. These maps show surface 
of the diffusers, i.e lines of 
interval is 2 extrema 
delineated letters with maxima 
values of ted 
the left of each are 
F 
R 
max 
max 
as per-
the 
in this series. as follows 
R 
sequence number 
current in knots 
with maximum = U; 
indicates 
SP indicates 
in 
basin. 
, as 
in as measured in basin 
the 1000 ft limit on ,5 
horizontal 
in corrected for ambient 
in 
max due to finite basin size, and difference in 
heat loss effect between model and 
for and above in 
:max 
Details of corrections in and pages 
and 41 52, ,59 
Uncorrected Corrected 
Run U F max :max 
C-9 
C-12 
These shown 
shows a summary the maximum excess 
it from the diffusers for the Run 
C-ll with no ambient current It shows that a 
state is reached in a matter of less than 10 minutes for the 
around the diffuser. 
In addition to with a current, three 
runs , 17, were made in which the current reverses twice in 
each 12-hour The of the 
currents tested are 0 OS, 0,15 and 0.4 knots 
letter R indicates current reversal. 6.19 shows the current 
used, 6.20 and 6.21 show two contour maps for a 
current u 
instantaneous currents are 
minutes 
.025 knots 
the dilutions are 
.24 show maps taken for 
left on 
with the case of no 
15R at model 
of 
of the 
the current reversal 
somewhat more 
the 
maps for currents and 
them those for s should be borne in mind that at 
the instant when the current is at the the thermal 
field may be deflected downcoast half as far as the case if the 
current were s 
of 
Four 
varied 
SPl 
at the same due to the difference in 
were also conducted where the current is 
to actual field data These are 
SP4. 
The current sequence SPI used is shown in 6.29. 6.30 
6.33 show surface thermal maps for the case SPI at 8~ 14 20 and 
instantaneous currents are 
the current had been low. The map there-
variations. The maps in 
same 
offshore 
6.32 and 6.33 were 
W.OA.:t.W ... .u' surface 
for this should 
inverse 
excess. 
.2 
low for a 
another 5 minutes 
the thermal 
decreases 
and 
The maps shown 
same case at 
current 
starts off at 
model minutes. remains 
rises to over 0.3 knots in about 
.41 6 
.13, 
6,41 shows that 
way resembles one at U = .02 knot 
current. This is because the current had been at 0.2 knot 
6.17 "" 0.25 knot 
trated around the diffusers 
of this map with that shown in 
shows that the warmer zone is more concen-
the SP4 case as it should be since the 
the map when the current 
the 
in that 
from a 
shows 
50 
essent-
interest are 
These are summarized in 
rise 
horizontal 
,3~ p. 54, 
excess as of 
Since the basin is of limited extent there is a for the 
in the basin to rise in the course of the 
thermistor was therefore installed in the north 
unidirectional of the basin at the 
manifold at a of several inches. 
rise in the 
The data from each thus 
measurements 
corrected 
thermistors 
former 
measurement 
are 
increase 
lesser 
time. Since 
water, it 
In where the 
is based 
The 
was 
are summarized 
currents 
also tended to 
at 
the 
to a 
later 
of warm. 
re-entrained water. 
ambient correction 
is conservative 
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of 
chosen 
a 
tests as in 
of all the current 
to occur at the San Onofre site A substantial 
data was tained at several locations at the site 
Intersea Research various of current meters and 
This field d~ta, Intersea to show of 
occurrence of direction and of the ocean currents, was the 
basis on which the selection of the currents used in the tests was made 
A cross-correlation of the current data was also made with wind data 
recorded at the station at San Onofre and it disclosed that 
on no occasion for the of record year) was there any onshore 
current associated with onshore winds. In fact there were almost no on-
shore winds of 
In view of the excellent field data available for the site, it is 
therefore believed that the tests chosen form a valid and 
sequence of Ie flow ions that will occur at San Onofre. 
Further, selection of four actual current sequences - SP4 that 
occurred at the site, with the other 
should an indication of the results to be expected with 
effect the diffusers must be des 
for substantial 
California 
for zero current 
of time such as a or two 
which must be met 
of the recommended of 
diffusers, each jets which 
value of 2. Thus 
will conform to the 
an offshore drift, 
it is 
limit. 
that 
7 
The or are summarized as follows: 
1. Due to lack of 
2 
3 
the current structure at San Onofre, 
interference from Unit 1, and unknown scale effects, 
a val ue 0 f /H:::;; 2. 5 was chosen 
instead of the 4 
surface 
in the California thermal standards 
increase at 1000 feet from 
the diffusers).· Results in this 
where 
to be 
is 12.5%. 
The diffusers 
of 
considerations 
is the condenser 
F; thus the 
tested the 
test results 
are 
are 
value of 
culmination 
and other 
2500 feet 
as 
rise, 
of an 
with nozzles each 20" up from horizontal 
and 25 off outfall axis alternate sides 
Nominal jet dis 
The offshore momentum is 
ocean 
current that a drift current carries 
the diluted effluent away from the diffusers. 
This drift current is estimated be to 2 
knots based the thermal observed 
of 
time 
The observed 
li-ndt is 
source 
-100-
currents 
ft limit is 
value 
at 
the 1000 ft 
2. for a 
7 The results indicate that the diffusers will meet the 
under all current conditions tested, 
efforts erection 
basin and models: Max Irvine Roberts, and Nikos 
Kotsovinos 
and Bruce 
research assistants Robert Stecher, Manfred 
assistants and Pat and Arvilla 
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the final tests, 
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formed in the test 
the results and 
seven progress 
The ects 
Section A2. 
Section 
characteristics 
No 
con-
in the 
reverse 
modes 
A2. 
the tests summarized here was to bracket 
the variables such as location and of the diffusers, At the 
time of these tests four new Units 2 ,and ** were 
for construction; modeled, 2 new units are 
nonetheless the for Units 2 and 3 ~~~ 
two additional units at the same site in the future. 
Two sets of four diffusers were tested: a set of shorter diffusers 
a range of , and set 
diffusers ft and 3000 ft located at a range of 
istics 
exis 
The 
of these diffusers in the model basin are 
The ratios diffuser character-
summarized in Tables A-I and be noted that the 
A-3 
the surface 

A-4 
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of 
Model Ratios 
: Model 
horizontal 800:1 
vertical 200:1 
difference 68:1 
11.7:1 
Time 68,6:1 
1.87 x :1 
Diffusers 
in ft 
2 
in in 
8 
Nozzle 
horizontal 
vertical 
difference 
Set of 
:Mode1 
800:1 
200:1 
.68:1 
11. 7: 1 
Time 68.6:1 
1.87 x :1 
Diffusers 
Units 2 & 4 Units 3 5 Units 2 & 4 Units 3 & 5 
in in. 2533 ft 3067 ft 
of 23 76 92 
2 in in. 33 3 ft 33 3 ft 
3 in. 086 in 18.6 in. 17.2 in. 
1.07 12 9 12.5 
number 959 2 x .8 x 
f 

s 
tested 
1, 2, 
that: 
tests are 
the shorter set 
value of set 
will; and exerts a s 
influence results. 
A3, 
Based on the results 
above, a systematic 
and 3 diffusers 
of 
model diffusers 
tests discussed 
Units 2 
combinations 
in 
a 
ft 
Schematic 
described 
basin 
detail 
E 
of diffuser 
:> 
I 
I-' 
o 
. 
. o 
....; 
o 
o 
A-l2 
offshore, cases were chosen as follows: 
distance 
M 
F 
at 
first. nozzle 
30 
35 
50 
In total, twelve combinations are 
combinations of diffuser 
offshore 
to first nozzle 
3500 
5500 
7500 
--4 distances offshore x 3 
were on these 
various combinations under a of current conditions. In order to 
facilitate identification, a run number system was devised of 
four to five characters. The first character ) M, 
the distance The first numeral , 2, signifies the diffuser 
numerals serve to the 
order of runs sequence. 
The results of the in 
No. indicate that the N2 2500 ft 
at 3500 ft the most economical 
of diffusers which meets the for the California 
standards Table A-4 shows the of the 
among the various diffuser 
knot ambient currents. 
under the conditions 0 and 0.05 
A-6 and A-7 show thermal distributions 
on the surface and in a vertical section for the N2 
excesses 
for 
where it may 
are shown summarized in 
seen that the 
ft from the diffusers are below the 12. 
It may further be observed that for 
, the value of IJ.T the 
t 
1 
2 
3 
1 
2 
N 
. 2 .6 
14.2 .7 
12. 9.0 
12. .3 
N 
. 2 
.2 .8 
.5 
Table 
outside 1000 ft limit * 
12 . 
10. 
NM 
.3 
.3 
9.2/ 9.2 
NM 
10. 6 
5 
8.9 .9 
,5 
8 
10 . 
10. 
M 
9. 8.5 
13. 
12 
rise 
M 
9. .9 
8. 7.5 
9.9 .9 
F 
9.9 .4 
9. 7 2 
7.5 5 
F 
12. 3 
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A-18 
offshore illVll'~U the is found to be 
that a 
carries the diluted effluent offshore away from the 
This drift current is to be 0.1 to 0.2 knots based on the thermal 
conclusion which was drawn from these is that 
the N2 diffusers were recommended for The diffusers 
and tested in the tests in the main 
text of this are modified from the basic con-
des 
after due consideration had been to other 
the Southern Edison 
* 
The of the diffusers, as described in 
of the 
page 3.) 
No. 4 was carried out in a 4:1 distorted model with a horizontal 
scale of 800:1 and a vertical scale of 200:1. In the tests, 
in 5 of this , the scales were prac the 
same .5 = 200, distortion 3. The tests were based on 
a condenser flow of cfs for each of the two units with a 
rise of F. 
As a consequence of the scale ratios in 
those tests the details of the diffusers were thus 
diffuser et into the turbulent 
the et 
number, it is that the jet number 
if the jet dilutions are to be modeled 
number in the scale ratio 
in the results of those tests could be 
outfall diffuser eta was confirmed 
ratio say a scale 
turbulent and 
ions 
this 
of 
meters 
the jet 
obtained in diffusers 
e 
of 
dilutions 
scale ratios. 
However, the of the sectional model is that 
it does not the overall circulation in the of the 
diffusers and intakes. the these tests the basin 
model tests of the full diffusers are Ie Since the 
overall flow of the warm water cloud tends to inhibit the inflow of cold 
water the b the sectional model should show somewhat 
better from the 
A section of one of the 2500 ft 
effects discussed in the 
diffusers described in Section 
a scale 
section of the diffuser contained ratio of 
six from the horizontal alter-
test basin as 
was 
in 
of the basin 
velocities 
was 
II 
of test with 
model of the diffuser used for cross-current 
flow tests, 
ratio 
Time ratio 
Tabl.e A-5 
7.64 
44 
1 
1 
A-22 
shows summary of the where it 
increment of the 
should be 
increments a distance of 
the range of 7.5 ±l.S% 
or 1.5 to. F for = 
to the range of 
the 
5 
ft 
These 
±2% of determined in the distorted model tests of the 
whole diffuser 
The sectional model, therefore, demonstrates that the jet 
induced the individual jets is Ie of the 
dilutions by the basin model tests of the whole diffuser. The 
8T s observed in the full basin model 
result from the combined effects of the overall flow tern 
and interference, and the lower jet numbers. 
No corrections in the basin model tests are believed to be necessary 
for the number effect. Such an ion is believed to be 
conservative. Therefore, a scale basin model is not considered 
necessary and would the accuracy about 1 or 2% of 

A-24 
* 
was also carried to determine the heat 
system of the 
of this series of tests was 
was desirable to simulate the of the 
at an undistorted scale of 100:1 in the 20 x ft 
model basin in order to compare the s field data and thus pro-
vide some verification data on the Second, tests 
were to the influence of Unit 1 on the 
of the new Units 2 and 3 when the latter are into In 
icular. the amount of recirculation between Unit I and the new Units 
2 and 3 intakes was obtained. 
Table A-6 summarizes the ratios and inent data used in 
the tests. A-12 A-l4 show the model details and the basin 
used. 
Eleven were conducted for the case when the Unit 1 
structures were at various currents with from 
to .5 knots. Further were conducted where the Units 2 and 
3 intakes in their locations in the basin. The 
of tests were primar to invest the amount 
of recirculation be between the Unit 1 and the new 
intakes. To simulate the offshore drift current which would be 
the and 3 diffusers, suction manifolds were installed 
walls of the basin. The amount of offshore drift current 
to bracket actual situation to be 
the visible at 
shows the surface thermal contours 
.27 
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A-32 
Based these alone. it may be 
As a 
thermal 
3 
that 
) The to direct the 
onshore, as is noticeable for 
current less is 
believed to be the result of the internal 
of the structure, 
The thermal is warmer on the shoreward side 
than the offshore side even for current 
A colder exists downstream of the 
the contour maps. 
The 20% contour for a 
excess of ) extends the 1000 ft limit 
for most current tested. * 
5) There is very little, if any, dilution 
above the outfall. 
Most of the ilution occurs within a small distance 
the order of 100 ft from the 
The surface warm is thin near the 
10 ft and becomes thicker to 15 ft) away 
from the 
with available field data, A-IS shows the 
contours obtained the field IR 
There was field measurement of the initial 
it is est the 
in the field The 
and 
is very 
thermal fields 

The the recirculat Table 
it may 
The of recirculat to occur 
to some extent. the sever 
2, Recirculation of warm water from the to 
the Unit I intake was observed in the model for 
conditions. The of the intake water may be 
as as 0.5 to warmer than the_ambient, 
on current conditions. 
3, Recirculation of Unit 1 
2 and 3 intakes would 
in the intake 
into the Units 
lead to less than O. F rise 
The 
increment due to recirculation from Unit I to Units 2 and 3 
observed in this series of tests was 
F for 
results. 
!::.T 
o 
3.5% 
Table A-7 for 
A6. Heat Treatment of Intakes * 
This section summarizes the results of model tests the 
of heated water from the Units 2 and 3 intake 
structures of the San Onofre Nuclear Station heat 
treatment, Heat treatment is necessary due to the accumulation of 
walls of the conduits. 
are in of 
summarizes the ratios used 
was selected 
this series 
the 
use 
Table A-7 
UNIT 2 INTAKE 
in percent 
> 3 0.3 I w 
VI 
5,7 3 4 0.2 1.3 1.3 0.3 0 
4. 3,6 2.3 3.2 1.0 o. 1.0 
0.3 1.4 3.2 o 2 2.9 
.3 o 2 o 3 0.3 2.9 0.3 0.3 
induced drift of Units 2 and 3 diffusers. 
gpm in model. 
to offshore suction to 35 gpm 

3 
17.3 
Time 5.8 
1. 73 x 
are 
A7 
can 
2. 
for the 
38 
A-2L results 
surface excess is similar 
that from the Unit 1 in normal 
However the tends to 
is 
current 
downstream of the structure 
tested, 
3. The F contour can be to extend 
1000 ft before the end of the two-hour heat treatment 
of warm water is thin The surface 
to 10 ft 
currents. 
thickest for the smallest 
5. There is little. if any. recirculation of the 
from the intake structure heat treated to the 
intake structure of the other unit in normal 
* 
outfall diffuser for the San Onofre Nuclear 
Station Units 2 and 3 will consist of diffusers 
a total of 
feet 
risers 
for 
each of the two diffusers 
purpose of the heated effluent 
so that the California standards 
nozzles must so 
(IJ 
.IJ 
(IJ 
(!j 
.IJ 
.IJ 
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(!j 
S 
.IJ 
rei 
(!j 
l-l 0 
.IJ 1.0 
.IJ 
rei 0 
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1 ' 
A 
I 
I 
I 
f'J 
NO R=12. 
B=ll! 
o. 
'(= 0.71 
RN F 
in vertical A-A 
heat treatment test, 
i 
I 
I 
V 
(Yl 
lines at 2.5, 5, 10, 20 30 
:r 
~ 
o 
certain 
that 
Tests were conducted 
to achieve 
nozzle 
a 
a few 
reverse flow be 
nozzle-riser assemblies 
schematic of the riser 
w 
Cl. 
Cl. 
2 
3 1 266 
1 
5 2. 
2.32 
7 265 2. .4 
8 .268 2.75 0 3 
9 1 265 2.82 .36 
B 2.002 1< 
C 1.268 2 79 .33 
2 
where x + 
r = 
are the head loss coefficients for the entrance from 
the diffuser to the riser; for the elbow; and 
for the contraction at the nozzle 
= the friction coefficient for the riser 
= the port throat.are& = 
the throat diameter 
= the riser diameter 
= the diffuser diameter 
contraction coefficient for the nozzle 
in the diffuser of the 
g acceleration 
E = the difference in total head between the diffuser and the 
= between the diffuser and 
definition as and 
::::: 
where 
== + 
=: 
=: 
"" 
Two as 
as 


4-i 
0 
0 
0 
....-4 
'r-! 
.i-J 
<:) 
0 
;:j 
4-i e 
{fj 
(1j 
> 
• 
• 
• 
choice 
is 
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In the final of the San Onofre Units 2 3 diffusers the 
are 
the 
diameter 
A-25 
chosen is based 
concrete blocks with 
Port The nozzle-riser assemblies 
metal inserts used to define 
inner The throat diameters used are as 
2 . 
3 FT. 
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Schematic 
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IAUETER 
final des 
